the expression of the disease is affected by genetic factors. 3, 4 We evaluate the relation between genotype and phenoHaplotype analysis in Australian patients of Irish or Scottish type in 47 Italian male patients with homozygous genetic origin provides evidence of a common ancestral haplotype hemochromatosis (GH). Phenotype evaluation was characterized by the combination of D6S265-1, HLA-A3, based on the ratio of amount of iron removed (IR) by D6S105-8 alleles. is associated with a common mutation. Besides the HLApresent in 13 of 52 (25%) chromosomes in class I and A3 linked haplotype, a further haplotype restricted to GH in 24 of 42 (57%) chromosomes in class II (P Å .0027).
Both clinical presentation and body iron stores differ in three different clinical centers in northern Italy. They were aged 25 patients with genetic hemochromatosis (GH). Women usually to 68 years (mean { SD: 44.5 { 11). Inclusion criteria were: (1) no develop symptoms and signs of the disease later in their life known causes of secondary iron overload; (2) hepatocellular hemosidbecause of menstrual blood losses and pregnancy. Age, di-erin deposits of IIIЊ-IVЊ; (3) HII greater than 2 and/or a total amount of iron removed (IR) by phlebotomy to achieve iron depletion higher etary habits, and factors such as blood donations and blood than 5 g; and (4) availability of relatives to perform molecular studies losses can modify hepatic iron stores. Heavy alcohol intake and unambiguously assign haplotypes linked to the GH gene. Excluand chronic viral hepatitis facilitate the development of liver sion criteria were: (1) female sex; (2) history of chronic blood losses damage in patients with GH.
1,2 Phenotypic concordance beor blood donations; and (3) history of blood transfusions or parenteral tween siblings with homozygous GH provides evidence that iron administration.
The presence of fibrosis or cirrhosis was determined at liver biopsy. Cardiopathy was based on physical signs of heart failure and/or left ventricular dilatation with low left ventricular ejection fraction and luteinizing hormone levels were considered affected by pituitary hy-the D6S265 and D6S105 microsatellites were analyzed by polyacrylamide gel electrophoresis after polymerase chain reaction amplification with specific primers. 13, 14 Allele sizes were defined using either a semiautomated fluorescence-based technology or using ethidium bromide staining and appropriate markers for size control. 6, 15 Haplotypes were determined on the basis of allele inheritance within families combining alleles at different loci in the following order: HLA-B, D6S265, HLA-A, D6S105 according to physical mapping. 5, 16 The full ancestral haplotype is characterized by the alleles 7, 1, 3, 8 at the four polymorphic markers. Because the HLA-B7 allele is not an independent marker of the GH gene 11 haplotypes carrying alleles 1, 3, 8 associated to HLA-B alleles other than 7 were also considered to be of ancestral origin. Moreover, because of the mechanism of slippage, which can generate new alleles at dinucleotide microsatellites, haplotypes differing from the ancestral one by 2 basepairs at a single marker were considered ancestral, as previously suggested. 5 Thus, we define as the ancestral haplotype that charac- Statistical Analysis. The nonparametric Mann-Whitney U test and the Fisher exact U test were used to evaluate differences between groups of patients. They were calculated with the statistical package tients, in fresh (N Å 24) or deparaffinized (N Å 18) specimens. Paraf-InStat 2.01 (GraphPad Software, San Diego, CA, 1993). The ordinary fin-embedded samples, weighing more than 0.5 mg, were prepared least squares method was used to investigate the relation between as described by Olynik et al. 12 IR was determined in all the patients LIC and IR and the reciprocal transformation was performed to on the basis of the amount of blood removed by weekly phlebotomies achieve linearity in the straight-line reciprocal model. The determi-(400 mL) until the achievement of iron depletion (1 mL of blood nation coefficient R 2 was calculated to evaluate the model's goodness removed corresponding to 0.5 mg of iron). To correct for the age-of fit. dependency of iron overload in GH, HII (ratio of LIC [mmol/g] and age [years] ) and the ratio between IR (g) and age (years) (IR/age) RESULTS were calculated. The achievement of iron depletion was defined by Table 1 reports the main biochemical and clinical characan SF lower than 30 mg/L in the presence of a TS less than 30% teristics of the patients divided in the two classes of phenoand a mild anemia that did not promptly recover after cessation of type severity. Class I included 26 patients and class II inphlebotomies.
Phenotype Evaluation. Evaluation was based on clinical manifescluded 21 patients. Class II patients had higher TS, SF, LIC, tations of GH and on the amount of body iron overload. IR was HII, IR and, IR/age values than class I patients. Furtherconsidered as the most reliable estimate of total iron burden because more, liver fibrosis and cirrhosis, insulin-dependent diabetes, of the observed saturability of liver iron deposits with an increasing heart failure, and pituitary hypogonadism were significantly amount of total iron stores. In fact, to understand the relationship more frequent in class II than in class I patients.
between LIC and IR, the following two models were compared: the simple linear (LIC Å h / krIR) and the straight-line reciprocal (LIC Å IR/[a / brIR]), that shows an asymptotical behavior. The best were highly significant (P õ .01) and passed through the origin.
(n Å 26) (n Å 21) P Finally, to divide patients in two groups of phenotype severity, the attention was focused on IR/age values, because of the age-depen- haplotype were equally distributed between the two groups † P õ .04.
(11 in class I and 10 in class II), whereas the majority of ‡ P õ .02. § P õ .01.
patients carrying two different haplotypes not related to the
ancestral one (14 of 18) were in class I.
Ø P õ .005 vs. carriers of other haplotypes.
DISCUSSION
An ancestral haplotype, which probably carries the original mutation of GH, is present in 30% to 50% of GH chromosomes of severity according to IR/age values. As extensively dein different populations. [5] [6] [7] [8] Our results suggest that the gene scribed in the Patients and Methods section, a cutoff level of defect linked to the ancestral haplotype is the result of a 0.33 was chosen based on the presence or absence of liver single, severe mutation. In fact, in our series, patients homo-fibrosis, excluding the effect of non-iron-related factors on zygous for the ancestral haplotype have HII, IR, and IR/age the development of liver fibrosis. The marked severity of phevalues higher than in patients not carrying the ancestral notype expression in class II patients is further shown by the haplotype. To further analyze the relationship between phe-higher prevalence of insulin-dependent diabetes, cardiopanotype and genotype in GH we divided patients in two classes thy, and pituitary hypogonadism as compared with class I patients. The ancestral mutation was more frequent in class 
AID Hepa 0003
/ 5P10$$$$42 06-21-96 10:30:10 hpta WBS: Hepatology II than in class I patients supporting the hypothesis of a Acknowledgment: We thank Eric Rappaport and Paolo severe mutation linked to the ancestral haplotype. According Fortina for their technical support in the characterization of to this hypothesis, the majority (87.5%) of homozygotes for D6S105 alleles. We are indebted to Maristella Farè for HLA the ancestral haplotype were recorded in class II.
typing and Clara Sincich for technical assistance in preparing In agreement with our data, Crawford et al. 9 recently found the manuscript. higher HII values in patients homozygous for the ancestral haplotype compared with patients who did not carry the an-
